Introduction 38
Throughout history, and at an accelerating rate recently, humans have influenced the dispersal of plant species 39 through their actions (Hodkinson et al. 1997 ). Human-mediated dispersal (HMD) has been recently defined as 40 dispersal directly by humans, as well as that by human associated vectors, such as transport and livestock 41 (Wichmann et al. 2009 ). Twelve years ago, Poschlod and Bonn (1998) described the changing dispersal 42 processes in the European rural landscape, and much of the empirical knowledge into how past and present land 43 practices aid or hinder the transport of species in the landscape has been gained since then. 44
45
European semi-natural grasslands are inherently influenced by man, maintained through the long term grazing 46 and mowing of areas within various agricultural systems, which started from around the Neolithic period (see 47 Poschlod et al. 2002 ). This continuous management over millennia has led to these habitats today being among 48 the most species rich in Europe, with over 40 plant species found per square metre in Swedish grasslands 49 Pärtel et al. 1999 ). In addition to the reduction in habitat area, large scale 54 fragmentation is often associated with biological impoverishment of remaining fragments (Harrison et al. 1999) , 55 and the increasing amount of matrix in the agricultural landscape has created a barrier for the dispersal of 56 grassland plant species, which is essential for the maintenance of viable metapopulations (Hanski 1999) . 57
58
Site history is embedded in the structure and function of all ecosystems (Foster et al. 2003) , and exercises using 59 historical sources reveal that community composition in remaining and abandoned semi-natural habitats often 60 Research into dispersal mechanisms in grassland communities is therefore important, and here I will review 79 HMD vectors in semi-natural landscapes throughout history, and discuss their implications for conservation. In 80 
Epizoochory 96
In semi-natural grasslands, grazing livestock have taken over this role, and seeds adapted to epizoochorous 97 dispersal can be very effective at travelling in the fur of grazing animals. Fischer et al. (1996) found that 100% 98 of species with hooked diaspores, 86% of bristly and 85% of coarse surfaced diaspores present in the study area 99 were found in the fur an experimental sheep. Even 52% of species with smooth seeds were represented in the 100 fleece. In a Dutch experiment, 'dummy' sheep and cattle were found to carry the seeds of 13 out of 15 fruiting 101 species in an experimental area of a nature reserve (Mouissie et al. 2005a ). The potential for so-called non-102 adapted seeds to disperse in this way has been reported elsewhere, with around a quarter of species represented 103 in germinable seeds found in the coats of donkeys, cattle and horses not specialised to any particular dispersal 104 behaviour of the animals (4 metres movement per minute) resulted in projected distances of only a few hundred 115 metres (Kiviniemi 1996 , Kiviniemi et al. 1999 ). In reality however, the number of seeds transported on grazing 116 animals can be very high indeed (see Table 1 ). 117
Endozoochory 118 119
Endozoochorous seed dispersal by grazers is another effective means of transporting species in semi-natural 120 grasslands, with numerous seeds of many species found in their dung (Table 1) . There is great also potential for Whereas movement of grazing animals within and between landscapes has reduced through time, the invention 232 of motor vehicles and agricultural machinery has introduced a new potential for seed dispersal in the rural 233 landscape (see Table 1 ). Despite their apparent simplicity, studies looking at mud carried by cars since Clifford's 234 (1959) work in Nigeria are few and far between. This mode does appear to be fairly effective at dispersing 235 species through the landscape, though it is often referred to in relation to the transport of alien species (Lonsdale 236 et al. 1994 , Wace 1977 ). An experiment in three road tunnels in the Berlin area showed that of 204 species 237 found, exactly half were non-native to the region, including 39 listed as problematic aliens worldwide, and five 238 of particular concern in Germany (Von der Lippe et al. 2007 ). Despite their non-nativeness, over 70% of the 239 total plant species and 98.5% of the seeds collected were part of the regional roadside flora, of which many of 240 Table 1 show that HMD can be an important in terms of both 398 number of seeds and species. It is clear, however, that modern land-use change and agricultural intensification 399 has negatively affected this potential. In order to preserve, conserve and restore high species richness in semi-400 natural grassland landscapes, it is therefore important to draw inspiration from past land use and its dispersal 401 vectors, but equally important is not to overlook the potential of those that modern life and agriculture has 402 introduced. A great deal of research into human-mediated seed dispersal has been done during the past decade, 403 but there is still more to be done, and in the case of semi-natural grasslands, it is vital that both agricultural 404 history and the landscape scale are considered. 405
406
The research and conservation of European semi-natural grasslands should be considered at the landscape scale. 
